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Cyanobacteria blooms are an increasingly persistent problem

Lake Champlain Basin Program State of the Lake 2018



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

12 beaches were closed due 

to cyanobacterial blooms in 

the last 3 years

Lake Champlain Basin Program State of the Lake 2018
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The Public and Residents of Shoreline Communities often 

blame causeways
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Questions

• How do the causeways change the 

circulation in the Lake?

• Can removal of the causeways 

reduce residence time or reduce 

temperature in affected portions of 

the lake?

• How has causeway placement 

changed the morphology? (Future 

work)

Outline

• Model Set up

• Model Validation

• With and without causeway 
comparisons

• Circulation

• Simplistic views of residence 
times

• Temperature



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Model set up: DFLOW-Flexible Mesh

• 22,254 cells with 300 m horizontal resolution 
and cut cells at boundary

• Vertical resolution of 0.5m in top 6 meters,  
cells stretched to the bottom

• Discharge boundaries use USGS gage 
information with flows modified based on 
GIS area weighting

• Wind forcing based on spatial interpolation 
of available meteo stations (2 to 6 depending 
on timeframe)

• Humidity, Air Temperature, and Solar 
Radiation applied spatially uniform average 
of available data

• Outflow through Richelieu River controlled 
by weir



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Model set up: DFLOW-Flexible Mesh

• 22,254 cells with 300 m horizontal resolution 
and cut cells at boundary

• Vertical resolution of 0.5m in top 6 meters,  
cells stretched to the bottom

• Discharge boundaries use USGS gage 
information with flows modified based on 
GIS area weighting

• Wind forcing based on spatial interpolation 
of available meteo stations (2 to 6 depending 
on timeframe)

• Humidity, Air Temperature, and Solar 
Radiation applied spatially uniform average 
of available data

• Outflow through Richelieu River controlled 
by weir



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Model set up: DFLOW-Flexible Mesh

• 22,254 Cells with 300 m resolution and cut 
cells at boundary

• Vertical resolution of 0.5m in top 6 meters,  
cells stretched to the bottom

• Discharge boundaries use USGS gage 
information with flows modified based on 
GIS area weighting

• Wind forcing based on spatial interpolation 
of available meteo stations (2 to 6 depending 
on timeframe)

• Humidity, Air Temperature, and Solar 
Radiation applied spatially uniform average 
of available data

• Outflow through Richelieu River controlled 
by weir



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Location of River Gages in the Champlain Basin
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River Gages are not located at model boundary!
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Simple Hydrology Model
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Missisquoi River gauge (https:\\water.weather.gov)

Morrill, Bales and Conklin 2005
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Model set up: DFLOW-Flexible Mesh
• 22,254 cells with 300 m horizontal resolution 

and cut cells at boundary

• Vertical resolution of 0.5m in top 6 meters,  
cells stretched to the bottom

• Discharge boundaries use USGS gage 
information with flows modified based on 
GIS area weighting

• Wind forcing based on spatial interpolation 
of available meteo stations (2 to 6 depending 
on timeframe)
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Radiation applied spatially uniform average 
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• Outflow through Richelieu River controlled 
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Model Validation: Waterlevel
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Model Validation: Waterlevel
Location Mean 

Error

RMSE R 

Burlington -0.046 0.059 0.997

Richelieu -0.046 0.061 0.997

Whitehall -0.077 0.099 0.993



Preliminary Information-Subject to Revision. Not for Citation or Distribution.

Model Validation: Temperature
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Model Validation: Temperature

Inland Sea Mean Error (oC) RMSE(oC) R

Depth Averaged 2.38 2.63 0.593

Surface (-7m) 0.16 0.61 0.933

Bottom (-43 m) 0.05 0.87 0.753

Surface-Bottom 0.11 1.06 0.910
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Cumulative Discharge Changes between April 

1 and Nov 1 2017
Cross Section Location Causeway Discharge 

by Nov 1 (109 m3/s)

Fryers Dam 8.194 100%

Burlington 2.319 29%

Crown Point 1.006 12%

Missisquoi Bay 1.153 14%

Allburg Bridge 1.1 13%

Inland Sea North 0.067 1%

Carry bay 1.1 13%

Gut 0.273 3%

SandBar -0.0243 0.2%

Outer Mallets Bay 0.923 11%
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Cumulative Discharge Changes between April 

1 and Nov 1 2017
Cross Section 

Location

No Causeway 

Discharge by Nov 1 

(109 m3/s)

Perce

nt 

Total

Causeway 

Discharge by Nov 1 

(109 m3/s)

% Total 

difference

Fryers Dam 8.196 100% 8.194 100% <0. 1 %

Burlington 2.319 29% 2.319 29% <0. 1 %

Crown Point 1.007 12% 1.006 12% <0. 1 %

Missisquoi Bay 1.162 14% 1.153 14% 0. 1 %

Allburg Bridge 0.02494 0.3% 1.1 13% 13%

Inland Sea North 1.143 14% 0.067 1% 16%

Carry bay 0.397 5% 1.1 13% 8%

Gut 0.802 10% 0.273 3% 6%

SandBar 0.14 2% -0.0243 0.2% 1.7%

Outer Mallets Bay 1.09 13% 0.923 11% 2%
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Residence Time Changes: Depends on where you start

Water from Lamoille 

river exits at close to 

the same time and 

rate whether the 

causeways are altered 

or not
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Residence Time Changes: Depends on where you start

Water from the Missisquoi 

River passes through the 

lake system much more 

rapidly in the presence of 

causeways!

Water from Lamoille 

river exits at close to 

the same time and 

rate whether the 

causeways are altered 

or not
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We have also observed a difference in water level spectra 

upon the removal of causeways
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Temperature Changes: some slightly different vertical 

structures but not strongly warmer or colder overall
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Conclusions and Future Work

• The overall lake circulation pattern is changed 
by causeway removal, with the change 
varying by location and season.

• There is evidence of shorter period (~10 
hour) surface oscillations being modified by 
the presence of causeways.

• Further investigation is required to 
understand the cause and possible impacts of 
temperature changes

• Changes in sediment delivery and deposition 
may be different due to the causeways, 
incorporating that change may enhance the 
observed differences.
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Thank You

For more information contact 

Liv Herdman at the New York 

Water Science Center

lherdman@usgs.gov


